In order to understand the molecular mechanism of the ion-implantation biological effects, we analyzed genes expression profiles in rice seedlings from the seeds implanted with the nitrogen ion beam, using the Agilent Rice Oligo Microarray 4×44K Genome Array. Rice seeds were implanted by the nitrogen ion beam with 40 Kev energy in dose 6×10 17 N + /cm 2 . Total RNA, from the seedlings 96 h after the germination, was used to genechip analysis. The vigor index was measured at 10days after the germination. The results of measuring of the vigor index showed that smaller-dose implantation of the nitrogen ion beam (6×10 17 N + /cm 2 ) promoted the vigor index (P 0.05) of the rice seedlings and the larger-dose implantation(9×10 17 N + /cm 2 ) damaged the rice seedlings because of the smaller vigor index than the control (P 0.05). The analysis of the genechip array showed that there are 982 transcripts expressed differentially (fold change 2 and P value 0.05) including 429 up-regulated transcripts and 553 down-regulated transcripts under the dose3 comparing with the controls. 15 out of the 429 upregulated transcripts were involved in 22 pathways including carbohydrate metabolism, translation, biosynthesis of secondary metabolites, lipid metabolism, energy metabolism, replication and repair, nucleotide metabolism, signal transduction, folding, sorting and degradation and so on. Our analysis supplied the first comprehensive and comparative molecular information for further understanding the mechanism underlying implantation of the lowenergy nitrogen ion beam.
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Introduction
As a new resource of mutagens, low-energy ion beam implantation is characterized as limited physiological damages, wide mutation spectrum, and high mutation frequency in comparison with the mutations from other inducing methods [1] . The mutagenic effect of low-energy ion beam implantation on cereal seeds has been substantiated by many studies in the past thirty years. Many of these studies focus physical factors on the biological effect. At a definite amount of energy into organism, a process including ion mass deposition, energy deposition, charges exchange take place [2] . Low-energy ion can reach nuclei and causes damages in DNA molecule, thus inducing mutations when the DNA repair fails [3] .
It is substantiated that the biological effects induced by ion beam implantation were greatly different from these by physical radiations such as X-rays [4] . For example, vigor index of the plant seedlings with the seed implanted by ion beam displayed a "saddle-type" change with the upward dosage gradient. Up to now the exact molecular mechanism of the ion-implantation biological effects on cereals has not been fully understood, especially the overall characteristics of expression profiles associated with these puzzling biological effects have not been reported until today. A comprehensive analysis of transcriptome profiles of seedlings with exposure to the ion implantation is important to understand the conserved and diverse mechanism underlying response to the ion beam radiation.
Rice, one of the most important cereal crops, is the staple food for half of the world's population and has been used as an excellent model after Arabidopsis, because of its relatively smaller genome and the completion of the genome sequence. Ion-beam biotechnology had been fully applied in rice mutation breeding. In order to understand the molecular mechanism of the ion-implantation biological effects, we analyzed transcriptome features of rice with exposure to the nitrogen ion beam implantation,using the Agilent Rice Oligo Microarray 4×44K Genome Array involving more 40,000 EST. These results shed light on the overall characteristics of expression profiles [5] associated with genes responding to the stress of the ion beam radiation and the key components of the regulatory network regulating the processes, especially the pathway involved in this response.
Materials and Methods

Plant materials
Rice cultivar Zhonghua 10 (Oryza sativa L. ssp. japonica) was used for this study. Completed buds leaves were collected after the seeds being incubated 96 hours in a dark climate chamber at 28 °C. All seeds were planted on sterile medium with 0.6% agar only.
Implantation of the low-energy N+ ion beam and vigor index
The seeds were implanted by the low-energy (40 Kev) N + ion beam (generated by a machine: 17 N + /cm 2 .Three replications were done under each doses, two hundred seeds were implanted each replicates. The untreated seeds were as the control.
The germination percentage was investigated after the seeds planted 10 days Germination percentage=Number of the seedlings/100 seeds*100% Vigor index =drought weight * Germination percentage
RNA extraction
Total RNA was extracted from uniform thirty individual buds in each replicate, which were planted for 96 hours, using RNAplant reagents (Tiangen Biotech) and purified by use of the RNeasy Plant Kit (Qiagen) according to the manufacturer's instruction. The yield and purity of RNA were determined spectrophotometrically (Nanodrop ND1000).
Agilent GeneChip hybridization and data analysis
The Agilent GeneChip hybridization and data analysis were carried out by the ShanghaiBio Company Ltd., including the procedures for cDNA and cRNA synthesis, cRNA Cy3 fluorescence labeling (GE healthcare PA13105), hybridization (Agilent G2545A), washing, scanning (Agilent G2565BA Microarray Scanner System), data collection and normalization.
Evaluation of the data credibility
The quantitative variation of ten housekeeping genes between the treated samples and the controls were used to assess the data credibility of the genechip data, these housekeeping genes displayed highly uniform expression in living organisms during various phases of development and under di erent environmental conditions and were frequently used as the validated internal control in quantitative realtime PCR.
Bioinformatics analyses
old Change, t-Test, significant analysis of microarray, one-way ANOVA, principal component Analysis, heat map, GO enrichment analysis and pathway enrichment analysis were analyzed by use of SBC Analysis System (a web server, http://sas.ebioserivce.com).
Results and Disscussion
Vigor index of the rice implanted by the low-dose nitrogen ion beam
One hundred seedlings of the vigor index were investigated after the seeds planted 10 days every experiment replicate. The results showed that smaller-dose implantation of the nitrogen ion beam (6×10 17 N + /cm 2 ) promoted the vigor index ( ) of the rice seedlings and the larger-dose implantation(9×10 17 N + /cm 2 ) damaged the rice seedlings because of the smaller vigor index than the control ( ) (Table1). It was interested that most of the improved corn variety derived from the ionbeam technology were induced under the smaller ion dose which the vigor index of the treated material were superior to the control [6] . However, the low-energy ion hardly penetrated seed coat that most of the seeds' [7] . So the low-energy ion hardly damaged the DNA in the cell nuclear of the grain seeds with exposure to the low-energy ion implantation. Here, it suggested that the secondary rays derived from the implanted nitrogen induce the cell response to comprehensive stress involving in ionizing radiation, drought tolerance, and salt tolerance. The vitality of the rice seedlings were enhanced because the response to comprehensive stress through regulating the divergence of the genes expression related to some metabolism.
Expression profiles associated with genes responding to the stress of the ion beam radiation
In order to understand the genes expression profiles associated with genes contributed to the enhanced vitality, the RNA samples from the seedlings with exposure implantation of ion beam at dose 3 (6×10 ) and the controls were probed by the Agilent Rice Oligo Microarray (4×44K) Genome Array including more 40,000 EST. Three independent biological replicates were performed for each sample. Here, we focus on expression profiles under the dose 3 for the significant variation of the vigor index (P value 0.05). 
Evaluation of the data credibility of the genechip
Ten housekeeping genes (table 2) that were frequently used as the validated internal control in quantitative real-time PCR were chosen to assess the data credibility of the genechip. These data are from the genechip array to samples implanted by the dose 3 (6×10 17 N + /cm 2 ), and the results showed that fold change of these are close to 1, namely these genes displayed highly uniform expression in seedlings of the controls and treated materials. So it suggested that the data from the genechip array to the total RNA of the samples are exact.
A. 982 transcripts expressed differentially B. 429 up-regulated transcripts 
Pathway enrichment analysis of the genes expressed differentially responding to the ion-beam
15 out of the 429 up-regulated transcripts were involved in 22 pathways (table 3) including carbohydrate metabolism, translation, biosynthesis of secondary metabolites, lipid metabolism, energy metabolism, replication and repair, nucleotide metabolism, signal transduction, folding, sorting and degradation and so on. It is interested that the phosphatidylinositol signaling system were up-regulated because the signal transduction was helpful to understand the signal rated to the response to the implantation of the ion beam.
7 out of these 15 transcripts were associated with more than two interrelated pathways (table 4) . Especially, the hybridization signal of the anthocyanidin reductase transcript in flavonoid biosynthesis (enrichment percent: 10%) and ATP-dependent DNA helicase, 70 kDa subunit family protein transcript (Non-homologous end-joining) in DNA replication (12.50%) were not detected in the total RNA of the control samples, but were detected remarkably in the total RNA of the implanted samples . Anthocyanidin reductase (ANR), encoded by the BANYULS gene, is a newly discovered enzyme of the avonoid pathway involved in the biosynthesis of condensed tannins. Catechins are not only the most important components in tea flavor, but also possess a lot of physiological functions, such as antioxidant activity, antimutagenic and anticarcinogenic potential, anti-cardiovascular diseases, anti-ultraviolet radiation and so on [8] [9] . It suggested that the avonoid pathway was related to the rice responding to the implantation of the nitrogen ion because the transcripts of anthocyanidin reductase express preferentially under the radiation.
The minichromosome maintenance (MCM) proteins are essential for DNA replication in eukaryotes. Thus far, all eukaryotes have been shown to contain six highly related MCMs that apparently function together in DNA replication [10] . The ATP-dependent DNA helicase (EC:3.6.1) is involved in genome maintenance and help the DNA replication [11] . The bigger vigor index of the rice seedlings with exposure to dose 3 (6×10 17 N + /cm 2 ) suggested that the DNA in the cell replicate in shorter cycle, the result of the ATP-dependent DNA helicase confirmed the physiology on the molecular level.
Conclusion
Our analysis supplied the first comprehensive and comparative molecular information for further understanding the mechanism underlying implantation of the low-energy nitrogen ion beam. Our analysis revealed that up-regulated genes involving important pathways are compatible with the distinct cellular events in response to implantation of low-energy ion beam. Signal transduction, energy, biosynthesis of secondary, replication, repair and translation are all related to the cell division and cell growth that contributed to the vigor index, and have a distinct up-regulation underlying the implantation of the ion beam. Our analysis of the genome-wide gene expression profiles of the rice seedlings revealed dynamic characteristics of transcriptome with the exposure to the implantation of the low-energy ion beam and would led to the identification of the genes responding the ionizing radiation. Biosynthesis of phenylpropanoids
